INTRODUCTION
Tumor markers in cerebrospinal fluid may be used for the early diagnosis of meningeal carcinomatosis (1) (2) . However, normal reference values for these markers have not yet been established. In clinical practice, concentrations of tumor markers in serum are often used as references. To test the optimal cut-off values for tumor markers in CSF, statistical analyses were conducted in 21 MC patients, 25 cancer patients without leptomeningeal disease and 45 meningitis patients. For all patients levels of tumor markers in serum and CSF were measured in our hospital between January 2004 and February 2010.
MATERIALS AND METHODS

Clinical data 3.1.1. Introduction of 21 MC patients
Twenty-one MC patients were clearly diagnosed based on CSF cytology or typical brain magnetic resonance 
Introduction of 45 meningitis patients
Comparison group two was comprised of 45 meningitis patients. There were 12 cases of viral meningitis, 20 cases of tuberculous meningitis, 3 cases of purulent meningitis, 1 case of cryptococcal meningitis and 9 cases of indefinite pathogenic bacteria meningitis. All patients were cured through clinical treatment.
Sampling
Signed consent informs were obtained from all patients. Through lumbar puncture, 3 ml of fresh CSF and 4 ml of serum were collected for determination of tumor marker levels.
Concentration determinations
Concentrations of CEA, CA125, CA153, CA199, CA724, CYFRA21-1, AFP and NSE were determined by means of double-antibody sandwich enzyme-linked immunosorbent assay (ELISA) using the Roche E170 modular immunoassay analyzer.
Statistical analyses
Normally distributed data were expressed by x ±s. Data with a skewed distribution were expressed by median and quartile. The
Kruskal-Wallis test was used to compare data consistency and tumor markers in serum and CSF across the three groups. Optimal cut-off values for tumor markers in CSF were determined based on Receiver-operating characteristic (ROC) curve analysis. For all tests, a significance level of <0.05 was used. SPSS for Windows 13.0 was used for all statistical analyses.
RESULTS
Data consistency check among three groups
Results shown in Table 1 : Age was not significantly different between MC patients and the other two comparison groups (average rank difference =9.60, 5.09, p>0.05).
Comparison of tumor markers in CSF and serum among three groups 4.2.1. Comparison of tumor markers in CSF among three groups
Results shown in Table 2 : CEA, CA125, CA153, CA724, CYFRA21-1 and NSE levels were significantly different between MC patients and comparison group one (p<0.05). The significant differences in the levels of all markers except CA724 were measured between MC patients and comparison group two (p<0.05). CA125, CA199, CA724 and CYFRA21-1 levels were significantly different between comparison one and comparison group two (p<0.05).
Comparison of tumor markers in serum among three groups
Results shown in Table 3 : CEA, CA125, CA153 and CA199 levels were significantly different between MC patients and comparison group one (p<0.05). CEA, CA125, CA153, CA199 and AFP levels were significantly different between MC patients and comparison group two (p<0.05). Only CYFRA21-1 was present at significantly different levels between comparison group one and comparison group two (p<0.05).
MC patients compared with group one through ROC curve 4.3.1. Area under the curve with ROC curve analysis
Results shown in Table 4 and Figure 1 : CEA, CA125, CA153, CA724, CYFRA21-1 and NSE had diagnostic value between these two groups (p<0.05), while AFP and CA199 were of no diagnostic value between these two groups (p>0.05).
Optimal cut-off values for tumor markers in CSF
Results shown in Table 5 : Clinical value was determined for CA125, CEA, CA153, CYFRA21-1, NSE and CA724 according to Youden's index. Levels of CA125 and CEA were optimal diagnostic indices for which Youden's index was greater than 0.70.
MC patients compared with group two through ROC curve 4.4.1. Area under the curve with ROC curve analysis
Results shown in Table 6 and Figure 2 : CEA, CA125, CA153, CA199, CYFRA21-1 and NSE had diagnostic value between these two groups (p<0.05), while AFP and CA724 were of no diagnostic value between these two groups (p>0.05).
Optimal cut-off values for tumor markers in CSF
Results shown in Table 7 : Clinical value was determined for CEA, CYFRA21-1, CA125, CA153, CA199 and NSE according to Youden's index. CEA was the optimal diagnostic index, with a valve of greater than 0.70 for Youden's index.
DISCUSSION
ROC curve analysis is said to have originally developed during World War II to analyze classification accuracy in differentiating signal from noise in radar detection. The principles of ROC analysis were later implemented for improving medical decision making (3). Evidently, this methodology has been adapted to several medical areas that are dependent on the accuracy of screening and diagnostic tests, such as laboratory testing (4-5), epidemiology (6-7), radiology (8) , several clinical disciplines (9) (10) (11) (12) , and bioinformatics (13) (14) .
Tumor markers consist of a cluster of substances that are synthesized and released by tumor cells during the development and reproduction of tumors or released due to host reactions to carcinomas. The presence of certain tumor marker may indicate the nature of tumor. From a clinical perspective, tumor markers may have a variety of functions that correspond to different stages in disease development. Analysis of tumor markers can assist in the care of patients who are asymptomatic, those who are suspected to have the disease and those with overt disease for whom therapy may or may not have been initiated. Analysis of tumor markers can also be used for determining treatment response or surveillance after therapy. The accuracy of analyzing tumor marker is the presupposition for its appropriate use for these purposes. Analyzing tumor markers must give clinicians the ability to correctly classify one condition and/or outcome from another (15) . Because all the samples were obtained during early onset of MC (one to six days) and because patients were not treated with intrathecal chemotherapy, so statistical results could be used for early diagnosis.
Based on their chemical characteristics, tumor markers may be classified into embryonic antigen tumor markers, carbohydrate antigen tumor markers, enzyme There are two possible mechanisms to explain the elevation of tumor markers in CSF. One possibility is that tumor markers are locally produced by cancer cells. Alternatively, Tumor markers could be passively transferred to serum, reflecting elevated serum tumor markers levels and/or a blood-CSF-barrier disturbance. This may cause differences between CSF and serum levels when MC comparing MC patients to cancer patients without leptomeningeal disease.
